We measured the angular diameter of Nova Del 2013 by fitting a uniformly bright circle to the visibility amplitudes of the interference fringes recorded during each night (Extended Data Table 1 ). We plot the expansion curve in Figure The apparent changes in slope of the expansion curve can be explained by a two-component model consisting of an optically thick pseudo-photosphere surrounded by an optically thin halo.
brightness and continued monitoring it for a total of 27 nights between UT 2013 Aug 15 and Sep
26.
We measured the angular diameter of Nova Del 2013 by fitting a uniformly bright circle to the visibility amplitudes of the interference fringes recorded during each night (Extended Data Table 1 ). We plot the expansion curve in Figure 1 The apparent changes in slope of the expansion curve can be explained by a two-component model consisting of an optically thick pseudo-photosphere surrounded by an optically thin halo.
We approximated the intensity distribution projected on the sky using a uniformly bright, circular core surrounded by a circular ring. We fit the two-component model to the interferometric visibilities and minimized the total χ 2 simultaneously across all nights. We fixed the time of detonation at modified Julian day t 0 = MJD 56518.277, computed by extrapolating the first two pre-discovery photometric measurements 14 back to the quiescent flux 15, 16 . From our interferometric data, we measured an expansion rate of 0.156 ± 0.003 milli-arcseconds (mas) per day for the core diameter and a size ratio of 1.73 ± 0.02 between the outer ring and core. We allowed the flux ratio between the ring and core to vary on a nightly basis. Figure 3 shows how the percentage of light from the ring changes over time. During the first two nights, the core and ring have similar surface brightnesses. Therefore, at the earliest times, the nova can be approximated by a single uniform disk component where the optically thick pseudo-photosphere extends to the outermost, fastest-moving layers of the ejecta. After the peak in the visible light curve, the amount of flux in the ring drops, which indicates that the outer layers became optically thin and the pseudo-photosphere moved toward the inner, slower-moving, and denser layers. Therefore, the apparent deceleration in the expansion curve during the first few nights is likely caused by a diminishing contribution from the outer layers. Over the next few weeks, the absolute flux of both components decreased, however, the flux from the core dropped at a steeper rate compared with the ring. Therefore, the percentage of light in the ring increased relative to the core. These changes are consistent with the spectral evolution 17 of Nova Del 2013.
Optical spectra initially showed P Cygni absorption features during the optically thick fireball stage which disappeared after about five days. Afterwards, strong emission lines began to dominate the spectrum, which are thought to form in the outer, optically thin layers 2 . The rising strength of the emission lines relative to the continuum was also seen in spectra at infrared wavelengths (Extended Data Fig. 1 ). In the two-component model, we assumed a constant ratio between the size of the core and the halo. In reality, changes in the optical depth of the ejecta are likely to be more complex and could be investigated further by fitting a physical model 18, 19 simultaneously to interferometric and spectroscopic data. Understanding how the optical depth changes within the expanding ejecta impacts the physical interpretation of novae light curves 20 .
During the last five nights, the two-component model shows an enhancement in the flux of the outer layers, with the ring contributing ∼ 68% of the total light. This coincides with an increase in the infrared flux from the nova 21 (see Fig. 2 ). This suggests the formation of dust in the outer layers, perhaps in denser clumps within the ejecta 2 , that contributes thermal emission.
Alternatively, as the ejecta expands, a recombination front might propagate through the material 22 .
Near-infrared free-free emission from ionized gas the inner regions would decline and shift the effective size boundary to the outer layers. This interpretation is consistent with the larger size of the effective photosphere at later dates, however, it does not explain the brightening in the nearinfrared light curve. The effective size of our two-component model is shown as the solid line in Figure 1 ; the model reproduces the changes in slope of the expansion curve.
We reconstructed model-independent images of Nova Del 2013 using the MArkov Chain IMager 23 (MACIM) for data obtained on three nights during the first week with sufficient baseline coverage. As shown in Figure 4 , the images show a striking similarity to the two-component model, with an optically thick core surrounded by a halo of fainter emission.
Combining the angular expansion rate with the radial velocity of the ejected material pro- To investigate the development of asymmetric features in Nova Del 2013, we fit a uniformly bright ellipse to the visibilities on nights with coverage over a range of position angles on the sky (from two to nine days after the outburst; Extended Data Table 2 ). For each night, the ellipse produces a significantly lower χ 2 compared with the circular disk (P < 0.01 for most nights; see Methods). The nova appears to be ∼ 13% larger along the major axis compared with the minor axis, suggesting that the ejecta could be bipolar. For the remaining nights with limited sky coverage, we fixed the axis ratio and position angle to their average values (θ major /θ minor = 1.13 ± 0.07, PA = 128
• ± 30 • ) and solved for the size of the ellipse. On average, we find that the circular disk diameters underpredict the mean angular diameter of the ellipse by ∼ 2%. Therefore, the assumption of circular symmetry in the two-component model should not strongly bias our results.
In addition to the visibility amplitudes that provide information on the size and shape of the source, interferometric closure phases obtained when combining the light from three or more telescopes indicate deviations from point symmetry (whether the brightness is the same when reflected through a point at the center of the source distribution). The closure phases from the first two sets of data obtained with all six telescopes (t = 3.0 and 5.0 days) are consistent with zero within the uncertainties, suggesting that the source was point-symmetric within the resolution limits. By the third set of observations with all six telescopes (t = 6.9 days; see Fig. 4 ), the closure phases rise steadily to ∼ 60 • (Extended Data Fig. 2 In addition to the interferometric measurements, we also computed infrared magnitudes of Nova Del 2013 using the number of counts recorded on the detector. We compared the counts from Nova Del 2013 with the calibrator stars observed immediately before and after. We calibrated the photometry based on the 2MASS magnitudes 36 of the calibrators. We present the photometry in Extended Data Table 3 . Figure 2 shows the infrared light curve of Nova Del 2013. For comparison, we also plot daily averages of V -band photometric measurements downloaded from AAVSO 37 .
The rise to peak brightness was slower in the infrared compared to the visible. Based on a second-order polynomial fit to the H and K-band measurements near the maximum (< 4.3 mag), the near-infrared light curve reached a maximum of 3.61 mag at MJD 56524.6 (t = 6.3 days). The maximum brightness in the visible 15 occurred at an earlier time of MJD 56520.4 (t = 2.1 days) at V ∼ 4.46 mag.
Correcting for the Effects of Line Emission
The emergence of strong emission lines in the infrared spectrum of Nova Del 2013 (such as Brγ in the K-band) will broaden the central envelope of the interference fringe and create sidelobes farther out 38 . We investigated the effects of the emission lines on the calibration of the interferometric data obtained with the CLASSIC and CLIMB beam combiners. The reduction code outputs the mean power spectrum for each target. We fit a rectangular top-hat function to each power spectrum and calculated the mean center and width for the observations on each night. By comparing the results from the nova with the calibrators, we found that the central wavelength of the filter remained constant over time. We also found that the effective bandwidth of the filter remained the same during the first two weeks and then decreased by ∼ 14% ± 3% as the emission lines appeared in the nova spectra (see Extended Data Table 4 ). Essentially, the emission lines put a larger fraction of the flux at the center of the wavelength region, thereby effectively decreasing the fullwidth at half-maximum (FWHM) of the filter. The CLASSIC/CLIMB reduction software assumes a constant top-hat function for the width of the filter. Therefore, when the effective bandwidth decreases, the visibility is overestimated and the angular size of the nova is underestimated.
To correct for this effect, we multiplied the CLASSIC/CLIMB visibilities by the ratio of the mean effective width of the nova observations relative to the calibrators measured on each night. We added the uncertainty in the bandwidth ratio in quadrature with the uncertainties in the visibilities reported by the reduction code. We applied this correction starting on UT 2013 Aug 28, when the effects of the emission lines became measurable. During the first two weeks, when the contribution from the emission lines had a negligible effect on the calibration, we assumed the default bandwidth used in the reduction code, but included the average uncertainty in the nova-tocalibrator bandwidth ratio of ±0.164 in the error budget so that all of the CLASSIC and CLIMB visibilities would have similar weights during the global two-component fit. For the uniform disk fits to the data from each night, the bandwidth correction led to the measurement of the angular size of the nova being larger at the ∼ 5% level after the emission lines developed.
Uniform Disk and Uniform Ellipse Fits
For each individual night of CHARA data, we measured the angular diameter of Nova Del 2013 by fitting a uniformly bright, circular disk to the visibilities and performing a LevenbergMarquardt least-squares minimization using the IDL mpfit package 39 . The uniform disk diameters
ν (where ν is the number of degrees of freedom), and number of visibility measurements N(V 2 ) on each night are listed in the last three columns of Extended Data Table 1 .
For five nights with sufficient baseline coverage over a range of position angles, we fit a uniformly bright ellipse to the visibility data. The fitted parameters include the size of the major and minor axes and position angle of the major axis (θ major , θ minor , PA); the values are given in Extended Data Table 2 . For four out of the five nights, performing an F-test indicates that the uniform ellipse produces a significant improvement in the χ 2 compared with a uniform circle, at a significance level of 0.01. On UT 2013 Aug 16, the improvement is only at the 0.10 significance level.
For both the uniform disk and uniform ellipse fits, we determined uncertainties in the parameters using a bootstrap approach 40 . During each iteration, we created a synthetic sample of visibility measurements from our original set of measurements by randomly selecting the same total number of visibilities, with replacement. Therefore, in the synthetic sample, some measurements are repeated and others are left out. We applied normally distributed uncertainties to the synthetic measurements (using the measured uncertainties from the original data). We then fit a uniform circle or uniform ellipse to the synthetic data set to determine the best fit parameters for that iteration. We performed 1000 iterations and computed uncertainties based on the standard deviation of the parameter distributions. These uncertainties are reported in Extended Data Tables 1   and 2 .
We expected the size of the nova to vary over the course of the night. The maximum length Table 1 are larger than ± 0.02 mas, which should account for any changes in size over the course of the night. For the two-component model described in the next section, we fit a dynamic model directly to the visibilities versus time, so it accounts for changes in size over the course of the night.
Two-Component Model
The two-component model consists of a uniformly bright, circular disk surrounded by a uniformly bright ring. The angular diameter of the central uniform disk (θ UD ) and the outer diameter of the ring (θ ring ) are given by:
where dθ dt is the angular expansion rate of the central core and C ring is the ratio of the outer ring diameter relative to the uniform disk diameter.
We determined the two global parameters ( There are degeneracies between the overall size of the nova and the flux ratio of the two components; a smaller expansion rate can be compensated by placing more flux into the outer component. Therefore, we followed a two-step procedure in fitting the expanding two-component model simultaneously to all nights. Initially, we allowed the flux in the ring relative to the core to vary each night, but with a limit set so that the surface brightness of the ring would not exceed that of the core. The initial restriction prevented a large increase in the fitted brightness of the ring at later nights. Using the grid-search described above, we determined an expansion rate of 0.156 ± 0.003 mas per day for the core diameter and a size ratio of 1.73 ± 0.02 between the outer ring diameter and the core diameter. We then fixed the expansion rate and size ratio and solved for the ring-to-core flux ratio for each night after removing the restriction on the surface brightness on all but the first three nights (we would not expect a clearing of the central region at such early times).
This allows for a moderate brightening of the ring at later times.
In Figure 1 , the solid line shows the effective angular size of the two-component model. This curve was generated by assuming that the percentage of light from the ring varies smoothly over time (solid line in Fig. 3 ) and computing the model visibilities for each night based on the expansion rate and size ratio. We then fit a single uniform, circular disk to the model visibilities from each night to compute the effective size. Extended Data Figure 5 shows how the size and flux ratios of the two-components change during the nights of observation.
Emission Line Flux from Infrared Spectroscopy
To investigate how the emission line flux changed in the infrared, we used low dispersion spectra obtained with the TripleSPEC spectrograph 41,42 on the 200-inch Hale Telescope at Palomar
Observatory on UT 2013 Aug 20 and 23. We reduced the spectra using the Spextool reduction program modified for TripleSpec 43 , which includes routines to correct for detector artifacts 44 . We calibrated and removed the telluric lines in the nova spectrum using the xtellcor program 45 , which compares a high signal-to-noise spectrum of Vega to observations of a nearby A0 star, SAO 88500, taken immediately after each observation of the nova. We also used infrared spectra 46 in the expanding envelope than does the continuum from the pseudo-photosphere. Thus, if the outflow follows a Hubble-type relation with the velocity proportional to radial distance 48 , then the emission lines sample parts of the envelope that were expanding faster than the photosphere. We interpolated linearly between the spectroscopic measurements to obtain the ratio of the emission line to continuum flux at the times of the CHARA observations and used this as the initial estimate of the flux ratio in the halo ring relative to the uniform disk core in the two-component fit.
The drop in the emission to continuum flux ratio after the fourth week can be attributed to the onset of dust formation. This can be seen in the K-band spectra, where the continuum slopes down in the first spectra and becomes flat in the last spectrum. This is consistent with flux from a dusty component that contributes more to the continuum and increases with wavelength. Our two-component model based on the interferometric observations suggests that if dust formation occurred, that it happened over a larger spatial scale than that of the expanding photosphere.
We also made measurements of the flux weighted central wavelength of each infrared spec-trum. These were essentially constant to within a percent or so during these observations, consistent with our results from the analysis of the fringe power spectra.
Measuring the Radial Velocity of the Optically Thick Core
In order to compare the angular expansion rate with the radial velocity of the nova outflow, we needed to decide which features in the optical spectra are most representative of the kinematics of the near-infrared continuum. The velocities reported in the literature 17 range from −600 to −2500 km s −1 , consistent with the expectation that lines form at different layers in the expanding atmosphere with a radial outflow velocity proportional to distance from the white dwarf explosion site. The optical depth unity boundary for the near-infrared continuum must form at higher densities deep inside the outflow (compared to the P Cygni lines and emission lines that form further out in lower density gas). The absorption lines observed during the first week are probably the most representative of the deeper layers, because they form in the dense, cooler gas immediately above the continuum forming layer. We selected the Si II λλ 6347, 6371Å absorption lines for measurement because they were observed throughout the first week and are relatively free of blending and interference from Earth's atmospheric lines and nova emission lines.
We downloaded six spectra with a high resolving power (R = 10,000) obtained over the first week by Olivier Garde from the archive of the Astronomical Ring for Access to Spectroscopy 17 and transformed them to a unit continuum on a heliocentric wavelength grid. We measured radial velocities for the Si II lines by cross-correlation with a model spectrum (T eff = 8000 K, log g = 2.0, solar metallicity) based upon ATLAS atmospheres from Robert Kurucz. The mean velocity and standard deviation from this sample (MJD 56519.8 -56524.8) are −598 ± 51 km s −1 . The local standard of rest radial velocity at the probable distance of the nova is +15 km s −1 , so the implied outflow velocity is −613 ± 51 km s −1 . However, we do not know the peculiar velocity of the nova relative to its local standard of rest, so we applied a representative velocity dispersion of 60 km s −1 for white dwarfs to revise the uncertainty in our final estimate of the outflow speed near the continuum forming layer, V ejection = 613±79 km s −1 . Note that this is strictly an upper limit for the velocity of the continuum forming layers because the absorption lines form above the continuum in a somewhat faster outflow. Additionally, the estimate reflects the geometry of the outflow which is dependent on the axial inclination for a bipolar ejection. For example, if the absorption lines formed in a spherically expanding photosphere, then we might expect to observe line boundaries ranging from zero (flux from the limb) to −V outflow (flux from the center), with a mean velocity between these limits. However, the observed Si II lines are rather narrow (FWHM ∼ 280 km s −1 ), contrary to this prediction. On the other hand, for a bipolar outflow the absorption velocities may be much more restricted to the radial ejection speed along the line of sight. Consequently, until future observations reveal details of the geometry of the nova remnant, we will simply assume that the measured radial velocity is the same as the radial outflow speed in our direction and that this is also the same as the transverse expansion speed as observed in the plane of the sky. Table 1 ).
Method References

Extended Data
Error bars represent 1 σ measurement uncertainties. In plotting the images, we used the flux ratio measured directly for the first three nights, the linear fit plotted in Figure 3 of the main paper for t = 4-27 days, and our measurement that the ring contributes an average of 68% of the light on the last five nights (dust emission in the outer layers).
Each panel is 12 mas on a side. We scaled the model flux by the infrared magnitude measured on each night to show how the surface brightness changes. The time since the explosion (in days) is indicated in each panel. Intensity refers to the flux per unit area.
